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ABSTRACT
Objective  The objective of this study was to estimate 
background rates of selected thromboembolic and 
coagulation disorders in Ontario, Canada.
Design  Population-based retrospective observational 
study using linked health administrative databases. 
Records of hospitalisations and emergency department 
visits were searched to identify cases using International 
Statistical Classification of Diseases and Related Health 
Problems, 10th Revision, Canada diagnostic codes.
Participants  All Ontario residents.
Primary outcome measures  Incidence rates 
of ischaemic stroke, intracerebral haemorrhage, 
subarachnoid haemorrhage, deep vein thrombosis, 
pulmonary embolism, idiopathic thrombocytopaenia, 
disseminated intravascular coagulation and cerebral 
venous thrombosis during five prepandemic years (2015–
2019) and 2020.
Results  The average annual population was 14 million 
with 51% female. The mean annual rates per 100 000 
population during 2015–2019 were 127.1 (95% CI 126.2 
to 127.9) for ischaemic stroke, 22.0 (95% CI 21.6 to 
22.3) for intracerebral haemorrhage, 9.4 (95% CI 9.2 to 
9.7) for subarachnoid haemorrhage, 86.8 (95% CI 86.1 
to 87.5) for deep vein thrombosis, 63.7 (95% CI 63.1 
to 64.3) for pulmonary embolism, 6.1 (95% CI 5.9 to 
6.3) for idiopathic thrombocytopaenia, 1.6 (95% CI 1.5 
to 1.7) for disseminated intravascular coagulation, and 
1.5 (95% CI 1.4 to 1.6) for cerebral venous thrombosis. 
Rates were lower in 2020 than during the prepandemic 
years for ischaemic stroke, deep vein thrombosis and 
idiopathic thrombocytopaenia. Rates were generally 
consistent over time, except for pulmonary embolism, 
which increased from 57.1 to 68.5 per 100 000 between 
2015 and 2019. Rates were higher for females than males 
for subarachnoid haemorrhage, pulmonary embolism and 
cerebral venous thrombosis, and vice versa for ischaemic 
stroke and intracerebral haemorrhage. Rates increased 

with age for most of these conditions, but idiopathic 
thrombocytopaenia demonstrated a bimodal distribution 
with incidence peaks at 0–19 years and ≥60 years.
Conclusions  Our estimated background rates help 
contextualise observed events of these potential adverse 
events of special interest and to detect potential safety 
signals related to COVID-19 vaccines.

INTRODUCTION
As COVID-19 vaccines are rapidly being 
licensed and used in mass immunisation 
programmes worldwide, postmarketing 
safety surveillance is essential to identify 
rare adverse events and maintain vaccine 
confidence.1 In March 2021, there had been 

Strengths and limitations of this study

	► We estimated background rates of ischaemic stroke, 
intracerebral haemorrhage, subarachnoid haemor-
rhage, deep vein thrombosis, pulmonary embolism, 
idiopathic thrombocytopaenia, disseminated intra-
vascular coagulation and cerebral venous throm-
bosis that are potential adverse events of special 
interest related to COVID-19 vaccine.

	► Population-based rates during five prepandemic 
years (2015–2019) and 2020 were estimated using 
routinely collected health administrative data.

	► We included both hospitalised cases and cases that 
were treated in the emergency department without 
requiring hospitalisation.

	► Imperfect validity of administrative data without in-
formation on clinical and/or diagnostic confirmation 
may have resulted in under or overestimation of 
these rates.
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reports of serious thrombotic events from the UK, the 
European Union and Scandinavian countries related to 
the ChAdOx1-S (AstraZeneca) vaccine.1 The European 
Medicines Agency (EMA) at that time reviewed seven 
cases of disseminated intravascular coagulation and 18 
cases of cerebral venous thrombosis (including nine 
deaths) following vaccination.2 These events occurred 
predominantly in females aged <55 years. Based on pre-
COVID-19 rates of these two rare conditions, the EMA’s 
safety committee noted that observed events among vacci-
nated individuals were higher than expected for that age 
group (expected vs observed within 14 days of vaccina-
tion in those aged <50 years: 1 vs 5 for disseminated intra-
vascular coagulation, and 1.35 vs 12 for cerebral venous 
thrombosis), and they recommended close safety moni-
toring and further analysis.2 A causal relationship between 
these two rare events and the vaccine was neither proven 
nor ruled out. However, the overall number of thrombo-
embolic events after vaccination was not deemed to be 
higher than expected.2 The EMA mandated that informa-
tion on the thrombotic events be added to AstraZeneca 
vaccine’s summary of product characteristics and package 
leaflets.

This situation underscores the invaluable role of 
knowing background rates in vaccine safety signal assess-
ments.3 Without background rates, the occurrence of 
adverse events in vaccinated individuals could be misinter-
preted as a vaccine safety signal.4–6 However, background 
rates may vary by several factors, including geography, 
sex, age and calendar time.3 4

Following a risk assessment based on available data on 
the reported events in Europe, Health Canada described 
in public messaging that a combination of thrombosis 
and thrombocytopaenia had been observed very rarely 
following vaccination with the AstraZeneca COVID-19 
vaccine, although there was no overall increased risk 
of thrombosis and that the benefits of the vaccine 
outweighed the risks .7 In response to the safety signal 
in Europe, Health Canada also updated the product 
monograph for AstraZeneca to include information on 
the reported rare events.8 In its first statement on Astra-
Zeneca vaccine, Canada’s National Advisory Committee 
on Immunisation (NACI) initially recommended its use 
in adults aged 18–64 years due to insufficient evidence 
on efficacy in older adults available at that time, although 
the recommendation was later expanded to include 
adults aged ≥65 years.9 There was considerable variability 
across Canadian provinces and territories in regards to 
the populations offered AstraZeneca vaccine. Following 
a review of more detailed risk information on vaccine-
induced immune thrombotic thrombocytopaenia, NACI 
ultimately recommended that AstraZeneca should not be 
used in individuals<30 years, and should only be offered 
if mRNA vaccines are contraindicated or inaccessible.10

There is a lack of Canadian data on recent background 
rates of potential thromboembolic and coagulation 
disorder adverse events of special interest (AESI) that 
might inform ongoing safety surveillance of AstraZeneca’s 

COVID-19 vaccine and others. Therefore, we sought to 
estimate background rates of hospitalisations and emer-
gency department visits for selected thromboembolic 
and coagulation disorders during five prepandemic years 
(2015–2019) and 2020 in Ontario, Canada.

METHODS
We conducted a population-based retrospective obser-
vational study using health administrative databases 
from Ontario, Canada. These datasets were linked using 
unique identifiers and analysed at ICES. We searched 
records of hospitalisations and emergency department 
visits to identify cases of ischaemic stroke, intracerebral 
haemorrhage, subarachnoid haemorrhage, deep vein 
thrombosis, pulmonary embolism, idiopathic thrombo-
cytopaenia, disseminated intravascular coagulation, and 
cerebral venous thrombosis using diagnostic codes from 
the International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision, Canada (ICD-
10-CA)11 (online supplemental table S1). Where available, 
we used codes that have been previously validated.12–16 
We used the Canadian Institute for Health Information 
(CIHI) Discharge Abstract Database (DAD) and CIHI’s 
National Ambulatory Care Reporting System to identify 
hospitalisations and emergency department visits, respec-
tively. We included inpatient cases where an ICD-10-CA 
code of interest was indicated as being present on admis-
sion and of primary relevance to the stay (as opposed to 
being listed as a secondary diagnosis, comorbidity or part 
of the medical history). We included emergency depart-
ment visits where a code of interest was present in any 
diagnosis field. We counted only new cases after a 365-day 
period without the same condition (ie, group of codes) 
(online supplemental table S1). Information on age and 
sex were obtained from Ontario’s Registered Persons 
Database, which contains all Ontarians registered under 
the Ontario Health Insurance Plan.

Statistical analysis
For each AESI, we calculated annual incidence rates per 
100 000 population by age and sex during each of five 
prepandemic years (2015–2019) and 2020, and also the 
overall mean annual incidence for 2015–2019. Similarly, 
we calculated annual and overall mean (for 2015–2019) 
incidence rates separately by sex, by age group (0–19, 
20–29, 30–39, 40–49, 50–59, 60–69, 70–79 and ≥80 years), 
and by sex and age group. To examine seasonality, we 
calculated monthly averages (per 30 days) for 2015–2019. 
We used Statistics Canada Census and intercensal popula-
tion estimates as denominators. The 95% CIs were calcu-
lated using a gamma distribution.17

Patient and public involvement
There was no direct interaction with patients in this 
study and no direct patient involvement in the design or 
conduct of this study.
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Ethics approval
ICES is a prescribed entity under Ontario’s Personal 
Health Information Protection Act (PHIPA). Section 
45 of PHIPA authorises ICES to collect personal health 
information, without consent, for the purpose of analysis 
or compiling statistical information with respect to the 
management of, evaluation or monitoring of, the allo-
cation of resources to or planning for all or part of the 
health system. Projects that use data collected by ICES 
under section 45 of PHIPA, and use no other data, are 
exempt from Research Ethics Board review. The use of 
the data in this project is authorised under section 45 and 
approved by ICES’ Privacy and Legal Office.

RESULTS
The study population included approximately 85 million 
person-years of observation from 2015 to 2020. The 
average annual population was 14 million, with 51% 
female. During 2015–2019, among the 8 AESI studied, 
overall rates of ischaemic stroke were highest at 127.1 
(95% CI 126.2 to 127.9) per 100 000, whereas rates of 
cerebral venous thrombosis were lowest at 1.52 (95% CI 
1.43 to 1.62) per 100 000 (table 1, (online supplemental 
tables S2-S7). Rates of ischaemic stroke and intracerebral 
haemorrhage tended to be higher for males than females 
(table 1, (online supplemental table S2). In contrast, rates 
of pulmonary embolism and cerebral venous thrombosis 
were higher for females aged 0–49 years than males of 
the same age range (table 1, (online supplemental tables 
S4 and S7). Rates increased with age for most of these 
AESI, but idiopathic thrombocytopaenia demonstrated a 
bimodal distribution with incidence peaks at 0–19 years 
and ≥60 years (table 1, online supplemental tables S5). 
Rates were generally consistent over time, with the excep-
tion of pulmonary embolism, which increased from 57.1 
to 68.5 per 100 000 between 2015 and 2019 (table  2). 
Rates were lower in 2020 than during the prepandemic 
years for ischaemic stroke, deep vein thrombosis and 
idiopathic thrombocytopaenia. We noted seasonality for 
four AESI: intracerebral haemorrhage peaked in January 
and December, subarachnoid haemorrhage peaked in 
February and December, pulmonary embolism peaked in 
February and October, and deep vein thrombosis peaked 
in April and July (online supplemental figure 1).

DISCUSSION
In this study, we estimated background rates of hospi-
talisations and emergency department visits for selected 
thromboembolic and coagulation disorders during 2015–
2020 in Ontario. Our findings suggest that the rates were 
relatively stable during the prepandemic period but were 
lower in 2020 for three AESI. We observed high rates for 
some AESI and low rates for others. Females had higher 
rates of pulmonary embolism and cerebral venous throm-
bosis while males had higher rates of ischaemic stroke 
and intracerebral haemorrhage.

We also observed an increasing trend in the incidence 
of pulmonary embolism starting before the pandemic 
that warrants further investigation to elucidate the cause. 
However, it is possible that the observed trend may have 
resulted from changes in clinical or coding practices over 
time and does not reflect a true increase in the under-
lying disease pattern. Lack of recent data on the trends 
of pulmonary embolism incidence precluded other rate 
comparisons.

Our estimated rates of stroke and the observed higher 
rates in males are comparable to previously reported 
global rates.18–20 However, higher stroke incidence was 
reported in females aged 18–44 years than their male 
counterparts (incidence rate ratio of females compared 
with males ranging from 1.14 to 1.93) in the Netherlands 
during 1998–2010.21 Another study in China also reported 
a higher age-adjusted incidence of stroke in females than 
males (309 vs 280 per 100 000 population) in 2014.22 23 
Our crude rates of ischaemic stroke and intracerebral 
haemorrhage during 2015–2017 were approximately 
1.5–2 times the age- and sex-standardised rates during the 
same period in a previous study in Ontario.24 However, 
that study included only the first-ever episode whereas we 
included episodes occurring after a 365-day period.

There are limitations in the estimated rates of deep 
vein thrombosis in recent years. Lower rates reported in 
older studies25 are likely because they included only the 
first incident case, whereas we included recurrent cases 
at least 1 year apart. On the other hand, the overall rate 
of deep vein thromboses in our study is much lower than 
the adult hospitalisation rate reported in the USA during 
2007–2009.26 The higher USA rates are likely because that 
study included multiple hospitalisations in a year, and 
they also included cases that developed during hospital-
isation from other conditions whereas our study looked at 
deep vein thrombosis on admission only.

There is a lack of data on the incidence of disseminated 
intravascular coagulation, a systemic coagulopathy that 
is always secondary to an underlying clinical condition, 
such as sepsis, malignancy, trauma, acute pancreatitis, 
burns or obstetric complications.27 As such, studies often 
estimate the burden of disseminated intravascular coagu-
lation for the underlying conditions separately. The inci-
dence of the first episode of disseminated intravascular 
coagulation in ICU admitted adult patients in the USA 
was 18.6 per 100 000 person-years in 2010,28 which is far 
higher than the rates we have estimated.

The estimated overall incidence of cerebral venous 
thrombosis in our study is similar to the overall hospi-
talisation rate of 1.75 per 1 00 000 /year in Norway 
during 2011–202 0129 and 1.32 per 100 000 /year in 
Finland during 2005–2014.30 However, these rates are 
much higher than previously reported rates of 0.1–0.5 
per 100 000 population/year.16 31 These differences are 
primarily attributable to increased use of routine vascular 
neuroimaging.31 Females in the USA had a higher inci-
dence than males (2.69–3.02/100 000 in females vs 0.68–
1.68/100 000 in males) during 2006–2016; females aged 
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18–44 years also had higher incidence than their male 
counterparts (2.4–3.3/100 000 vs 0.5–1.3/100 000).32 We 
also observed a higher mean incidence in females than 
males for individuals of all ages, and for individuals aged 
20–49 years.

Compared with prepandemic years, we observed lower 
rates in 2020 for ischaemic stroke, deep vein thrombosis 
and idiopathic thrombocytopaenia, but not the other 
AESI. While thromboembolic and coagulation disor-
ders have been associated with severe COVID-19,33–37 
only approximately 1.3% (184 635 out of 14.7 million) of 
Ontarians were confirmed to be COVID-19 cases in 2020.38 
Therefore, we would not expect COVID-19 to impact 
the incidence of these AESI substantially. The observed 
decline in the rates may have resulted from decreased 
healthcare-seeking observed during 2020 leading to 
underdiagnosis and underestimation. Additionally, a 
population-level reduction in cerebrovascular events has 
been suggested based on a reported 12% reduction in 
stroke hospitalisation during the peak pandemic months 
(March through April) in 2020 globally.39 This decline 
has been attributed to the reduced consumption of high-
sodium and fast-foods, reduced exposure to ambient air 
pollution, improved health behaviours, and possibly from 
reduced exposure to other common respiratory viruses 
because of public health measures against COVID-19.

Our rates need to be interpreted with caution. We 
identified both hospitalised cases and cases that were 
treated in the emergency department without requiring 
hospitalisation. Thus, our rates may be higher than those 
reported in the literature that used hospitalisation data 
alone. We did not include cases that developed during 
the hospital stay. As a result, we may have underestimated 
the rates for conditions that frequently arise after hospi-
talisation, such as disseminated intravascular coagulation 
and idiopathic thrombocytopaenia. Additionally, we used 
recorded diagnostic codes in administrative data without 
information on clinical and/or diagnostic confirmation, 
and the validity of these data are imperfect, which may 
result in under or overestimation. However, we used 
previously validated codes13–16 or equivalent codes12 to 
improve the accuracy of case ascertainment in adminis-
trative data and there is no reason to believe that there 
would be substantial changes in the direction or magni-
tude of misdiagnosis between study years. The quality 
of DAD hospitalisation data has been previously evalu-
ated.40 Nevertheless, there may be some overlap in clin-
ical presentations of the AESI that may have impacted 
our rate estimation. Our rates do not capture out-of-
province care provided to Ontario residents, but we 
expect relatively few Ontario residents would seek care 
outside of Ontario, and the frequency of doing so would 
be consistent over time during the prepandemic years 
and is expected to be lower in 2020 because of reduced 
travel during the pandemic. As background rates are 
population-specific, our rates may not be generalisable 
to other populations/settings, including jurisdictions 
within Canada with different population structures, Ta
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distribution of risk factors, and diagnostic and coding 
practices.

Despite the limitations, our estimated background 
rates of hospitalisations and emergency department 
visits for the selected thromboembolic and coagulation 
disorders will help contextualise any observed apparent 
increase in these potential AESI in relation to Canada’s 
mass COVID-19 immunisation programme. This will facil-
itate the identification of potential safety signals and help 
maintain vaccine confidence by preventing misinterpre-
tation of expected baseline event rates.
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